Background-The predominace of secretory IgA (S-IgA) in intestinal secretions compared with blood is well established, but concentrations of this protein in pancreatic juice and its origin, especially in chronic pancreatitis, are unknown. Aims-To investigate the role of S-IgA in chronic pancreatitis. Patients-Twenty one patients with chronic pancreatitis (group I), three patients with proven malignancies (group II), and 12 patients without pancreatic disease (group III). Methods-Pure human pancreatic juice was collected endoscopically in four fractions after consecutive stimulation with secretin and cholecystokinin (CCK). Samples were analysed for S-IgA, protein, trypsinogen, and proteolytic activity. Results-The S-IgA level was significant increased in fraction 1 of pancreatic juice of group I (1210 (1411) ng/ml) compared with controls (33 (70) ng/ml). Protein concentrations and trypsinogen content were lower in group I than in the other groups. Proteolytic activity could be observed in 53% of all 133 pancreatic juice samples, but in 87% of fraction 1. In pancreatic tissue of three patients with chronic pancreatitis both IgA and secretory component were detected by immunohistology. Expression of the secretory component by human pancreatic epithelial cells was increased in patients with chronic pancreatitis compared with normal controls. The concentration of S-IgA in pancreatic juice did not correlate with the serum S-IgA level. In contrast, serum levels of S-IgA were decreased in patients with chronic pancreatitis. Conclusion-There are high levels of S-IgA in human pancreatic juice following chronic inflammation and a protective role is suggested for this immunoglobulin. (Gut 1998;42:436-441) 
Mucosal immunoglobulins protect the host from molecules and microorganisms to which the mucosal surfaces are exposed. The major isotype in various external secretions is secretory IgA (S-IgA) consisting of secretory component (SC) and two immunoglobulin A molecules. 1 2 The appearance of S-IgA is dependent on the interaction between subendothelial plasma cells which secrete IgA and epithelial cells which synthesise a corresponding receptor, poly Ig receptor. [1] [2] [3] [4] Several reports have been published on immunoglobulins in human pancreatic juice with or without pancreatic disorders. [5] [6] [7] [8] However, the numbers of patients were small, and insensitive methods such as immunodiVusion were used; activation of proteases was not considered. Saito et al found SC and IgA in pancreatic juice of two patients with chronic pancreatitis and of a single patient after surgical pancreatic resection performed due to gastric cancer. 8 SC and IgA were measured by immunodiVusion. Protease activity was not investigated. Hayakawa et al observed increased levels of SC in pure pancreatic juice of patients with chronic pancreatitis. 9 In a pilot study we showed increased levels of the whole molecule S-IgA in endoscopically obtained pure pancreatic juice from several patients with chronic pancreatitis using an enzyme linked immunosorbent assay (ELISA). 10 We suggested that pancreatic epithelial cells synthesise SC and infiltrating leucocytes produce IgA. Recently, leucocyte infiltration in patients with chronic pancreatitis was analysed using immunohistochemistry. 11 12 The HLA class II antigen, DR, which is expressed by antigen processing cells, has also been found on pancreatic epithelial cells. 11 12 The purpose of the present study was to detect S-IgA in pancreatic juice, pancreatic tissue, and serum of patients with chronic pancreatitis in comparison with normal controls. A combination of protease inhibitors was added to juice samples to avoid degradation of proteins.
Materials and methods

PATIENTS
Pancreatic juice samples of 36 patients were collected. On the basis of standard diagnostic procedures (sequential determination of serum amylase and lipase, ultrasonography, pancreozymin-secretin test, computed tomography, and endoscopic retrograde pancreatography), patients were divided into three groups. Group I consisted of 21 patients suVering from alcohol induced chronic pancreatitis, group II consisted of three patients with pancreatic malignancy, and group III consisted of 12 patients with no pancreatic disorder. Chronic pancreatitis was subclassified further into calcified (CCP, n=11) or non-calcified pancreatitis (NCP, n=10) by radiological evidence of pancreatic calcification. Table 1 summarises age, sex, and diagnosis of patients in all three groups. Diagnostic pancreatograms were performed in all patients before pancreatic juice aspiration, which was performed separately one week later.
Pancreatic tissue was obtained from three patients with chronic pancreatitis (two with NCP, one with CCP) who underwent surgical intervention to treat biliary obstruction, pancreatic duct obstruction, and persistent pain. Three normal human pancreata were obtained after informed consent via regular multiorgan donor procedures. All pancreatic tissue was obtained as fresh surgical samples that were immediately frozen at −80°C for immunohistochemistry. Portions of each sample were also prepared for routine light microscopy.
PANCREATIC JUICE
Pancreatic juice was obtained as described by our group previously. 13 14 The juice was sampled by direct transduodenal cannulation of the pancreatic duct under sequential stimulation by secretin (1 U/kg; Boots, Nottingham, UK) and pancreozymin (1 U/kg; Hoechst, Germany). UV absorption (280 nm) was recorded simultaneously to estimate protein content. By means of this technique four unique fractions could be distinguished: protein rich wash out period; phase of secretin action; phase of pancreozymin (CCK) action; and post-CCK phase (fig 1) . Samples were transferred immediately to cooled tubes and cleared by centrifugation for 10 minutes at 2000 rpm and 4°C. The supernatants were aliquoted and stored at −80°C until further analysis. Serum samples (14 from group I and eight from group III), were obtained on completion of the pancreatic juice collection.
BIOCHEMICAL METHODS
Total protein content of fractions was determined according to the method of Lowry et al. 15 Protease activity was estimated by measuring trypsin activity using N -benzoyl-DLarginine-p-nitroanilide (Boehringer, Mannheim, Germany) as substrate and by azocasein substrate reaction (azocasein kindly provided by Dr Langner, Halle, Germany). 16 
Secretory immunoglobulin A in pancreas
IMMUNOGLOBULINS
All pancreatic juice and serum samples were analysed in triplicate for S-IgA in a solid phase two site sandwich ELISA as described previously by our group. 18 Briefly, microtitre plates were coated with monoclonal antibody against human SC (BL-HSC/III, kind gift of Dr Fiebig, Leipzig, Germany). Samples were incubated for 16 hours in triplicate in four geometric dilutions. IgA was detected by peroxidase conjugated antihuman IgA (Sevac, Prague, CSSR) antibodies with o-phenylene diamine (Sigma, St Louis, USA) as substrate. This ELISA had a lower sensitivity limit of 20 ng/ml. The coeYcient for intra-assay variation was lower than 5%; the coeYcient for interassay variation was 7.8%. N -p-tosyl-l-lysinechloromethyl-ketone (TLCK; Serva, Heidelberg, Germany) 10 mM and diphenylcarbamyl chloride (DPCC; Serva) 10 mM were added to avoid degradation of proteins by activated proteinases.
Immunoglobulin levels were measured in serum samples by turbidimetry using isotype specific antibodies (Behringwerke, Marburg, Germany).
IMMUNOHISTOCHEMISTRY
Monoclonal antibodies with specificity against CD3 (T lymphocytes), CD22 (B lymphocytes), HLA-DR, and immunoglobulins IgG, IgM, and IgA were obtained from Dako, Denmark. Anti-CD38 (plasma cells) antibodies were from Dianova (Hamburg, Germany). Polyclonal rabbit antihuman antibody (Dako) was used to detect SC. Serial 5 µm cryostat sections were stained with the alkaline phosphatase monoclonal antialkaline phosphatase (APAAP) method. 19 The first primary monoclonal antibody was followed by rabbit antimouse IgG (Dako) and finally by monoclonal mouse APAAP (Dako). In the case of SC a third antibody (mouse antirabbit) was used between the primary and secondary antibody. Controls included incubation with secondary antibody or enzyme only. Alkaline phosphatase substrate contained new fuchsin, sodium nitrite, levamisole, and naphthol AS-BI (all Sigma, St Louis, USA). Cell nuclei were counterstained with Mayer's haematoxylin.
STATISTICAL ANALYSIS
To detect diVerences between the groups, the results were analysed by the Mann-Whitney test. In addition, correlations were searched for using the correlation coeYcient. All values were expressed as mean (SD). Table 2 shows total protein concentrations of diVerent pancreatic juice fractions endoscopically obtained from patients of groups I, II, and III. The protein concentration of fraction 1 was high because this fraction contains proteins which were washed out from pancreatic ductules by secretin stimulation. Fraction 3 was obtained after CCK stimulation representing secretion of pancreatic proteins by acinar cells. In normal pancreas, the output of proteins was increased in fraction 1 compared with fraction 3. In chronic pancreatitis, the protein concentration was nearly the same between fractions 1 and 3. Protein levels of fractions 1, 3, and 4 were lower than in normal patients, but the diVerence was not significant. To compare the content of inactive enzyme protein in pancreatic juice, trypsinogen was measured. Compared with protein content, similar results were observed regarding distribution of trypsinogen in fractions 1 to 4 (table 3). Trypsinogen levels were lower in patients of group I than in controls of group III. On average, values of fraction 1 in group I were lower than those of fraction 3. The tumour patients of group II did not show any diVerences compared with other patients. Table 4 shows that a large number of pancreatic juice samples were activated. There was no relation to conditions of sample collection, such as time for cannulation of pancreatic duct, time of investigation, or severity of chronic pancreatitis. Moreover, there were no diVerences between patient groups regarding number of activated samples.
Results
PROTEINS AND PROTEASE ACTIVITY
S-IgA IN PANCREATIC JUICE AND SERUM
During incubation in the ELISA the possibility of protease influence is increased. Therefore, it is important to use an optimal combination of protease inhibitors. Figure 2 shows the influence of diVerent inhibitors on ELISA results. According to these results we used the combination of DPCC (10 −4 M) and TLCK (10 −2 M) for our experiments.
S-IgA was found predominantly in fraction 1. The concentration of this protein in other pancreatic juice fractions of the same collection was lower in every case. It is concluded that S-IgA was not secreted after CCK stimulation. It was only washed out by secretin stimulation. S-IgA was measured in 133 pancreatic juice samples corresponding to diVerent fractions of pancreatic juice obtained from 36 patients. The data clearly show that raised levels of S-IgA were found in fraction 1 (1210 (1411) ng/ml) in the chronic pancreatitis group (fig 3) . Very low concentrations of S-IgA could be detected in fraction 1 in three cases in the control group (33 (70) ng/ml) and in a single case in group II. Despite the wide range of values for S-IgA in pancreatic juice there is a significant diVerence between group I and the other two groups. In particular, S-IgA concentrations were high in cases of chronic pancreatitis with obstructed ductules and high viscosity of pancreatic juice. There were no diVerences between subgroups of chronic pancreatitis such as NCP and CCP regarding the content of S-IgA in pancreatic juice samples.
Corresponding serum immunoglobulin and S-IgA results were available in 22 patients of our patient population (table 5) . Patients with chronic pancreatitis (group I) had elevated mean serum concentrations of IgM and IgA compared with patients without pancreatic disorders (group III). The mean serum concentration of S-IgA was lower in group I patients. Due to the small number of individuals statistical diVerences could not be established.
There were no correlations between serum levels of S-IgA and concentrations in pancreatic juice.
TISSUE
Three samples of normal pancreatic tissue were compared with three samples of chronically inflamed pancreas. In the normal pancreas there were only a few T lymphocytes, single plasma cells, and no B lymphocytes. T We could detect IgG, IgM, and IgA in samples from patients with chronic pancreatitis. There were no diVerences between the three classes of immunoglobulins. In samples of normal pancreatic tissue immunoglobulins were not detected.
Figure 4 Immunohistochemical staining of SC in frozen tissue sections of human pancreas. In normal pancreatic tissue, SC is predominantly localised on epithelial cells of large pancreatic ducts.
Discussion
For several years it has been possible to obtain pure pancreatic juice by special endoscopic techniques. We developed a definite method to collect and characterise pancreatic juice by measuring UV absorption to indicate amounts of protein. 13 14 This technique allows us to divide the juice into certain defined fractions and to compare juice samples of patients because pancreatic juice flow rate is diVerent between patients. Therefore, all results are expressed in relation to the four juice fractions obtained as described above (fig 1) .
In fraction 1 mean values of protein and trypsinogen were lower in patients with chronic pancreatitis compared with control subjects. In fraction 2 no diVerences could be detected between patients with chronic pancreatitis and control subjects. Fraction 3 represented proteins which were released from acinar cells after stimulation with CCK. In control subjects mean values of protein and trypsinogen were lower in fraction 3 than in fraction 1. In patients with chronic pancreatitis there was only a slight diVerence in protein content between fractions 1 and 3. Trypsinogen concentration was increased in fraction 3 compared with fraction 1 in group I. However, the diVerences were not statistically significant because of high standard deviations.
Another problem is the protease activity in pancreatic juice. Many samples contain active proteases which lead to degradation of proteins and disturb detection systems. Protease inhibitors were therefore added to juice samples. [20] [21] [22] However, protease activity was not measured and therefore it was not known when the capacity of the inhibitors was overloaded. We used the combination of TLCK and DPCC for inhibiting proteases and we measured protease activity. We were thus able to show that proteolytic activity was often present.
Our study confirmed an earlier report of the detection of S-IgA in pure pancreatic juice as a good marker for chronic pancreatitis. 10 Brasher et al obtained pancreatic juice from two patients with traumatic pancratic fistula. 5 In these samples the secretory component was absent. This finding is in agreement with our results of detectable S-IgA concentrations only in patients with chronic pancreatitis. Using duodenal secretions Finkler et al showed increased IgA concentrations in the duodenum of patients with chronic pancreatitis and pancreatic carcinoma. 7 Elevated levels of nonsecretory immunoglobulins were found by Clemente et al 6 20 in pancreatic juice of patients with chronic pancreatitis. Taken together these studies indicated variations of IgA levels depending on pancreatic disorders.
We could clearly show that S-IgA levels were elevated in pancreatic juice from patients with chronic pancreatitis. However, with regard to the diagnostic potential of pancreatic juice S-IgA it has to be considered that the majority of patients with chronic pancreatitis in our study were suVering from advanced disease. Therefore, we cannot make any firm statement regarding the value of S-IgA levels for diagnosis at an early stage and for the prognosis of the disease. Moreover, there were wide diVerences in concentrations of SC and S-IgA in the reported studies, probably due to diVerences between patients as well as diYculties regarding collection and handling of pancreatic juice. Hayakawa et al 9 measured SC in concentrations from 1-60 µg/ml. Saito et al 8 reported levels of IgA in pancreatic juice of 10-49 µg/ml. For whole molecule S-IgA our results ranged between 0.01 and 5.21 µg/ml.
Saito et al 8 reported the detection of SC in the pancreatic epithelium with features characteristic of endocytotic, SC mediated transfer of IgA in agreement with an immunofluorescence study by Tourville et al. 23 However, they could not establish a definite source of IgA in human pancreatic tissue because they found IgA in pancreatic juice of normal controls and no infiltrating cells in the corresponding pancreatic tissue. Normal pancreatic tissues investigated by these authors were obtained from patients who underwent surgical resection because of gastric cancer disease without pancreatic disorders. Any influence of cancer on pancreatic acinar and/or epithelial cells cannot be excluded. We did not detect elevated levels of S-IgA in pancreatic juice in patients with normal pancreas. In patients with chronic pancreatitis with increased immunoglobulin levels in pancreatic juice, B cells and plasma cells were present in pancreatic tissue as shown by immunohistochemistry. 12 In these patients we could show SC in epithelial cells and in centroacinar cells which functionally belong to the duct system of the pancreas. Therefore, it is suggested that in chronic pancreatitis IgA and SC were expressed locally by plasma cells and epithelial cells in pancreatic tissue.
Increased expression of MHC class II molecules on pancreatic duct epithelial cells as described elsewhere indicated a state of activation. 11 12 24 In this study we showed HLA-DR as well as SC on pancreatic duct cells. In cases of chronic pancreatitis we also found SC expressed by centroacinar cells. Candidates for stimulation of HLA-DR and SC expression are cytokines such as interferon . 25 We found elevated mean levels of IgA but decreased levels of S-IgA in serum of patients with chronic pancreatitis. There were no correlations with S-IgA levels in pancreatic juice. In patients with chronic pancreatitis, raised serum levels of IgA have also been shown by other investigators. 26 27 As S-IgA has been detected in pancreatic juice its function in this secretion can be appreciated. 28 SC stabilises polymeric IgA covalently linked to the S-IgA complex. This molecule has been shown to bind trypsin and chymotrypsin in an antibody independent manner that inactivates the enzymes. 29 S-IgA is therefore more suitable than other immunoglobulins to protect pancreatic tissue against a variety of viral and bacterial mucosal pathogens. Numerous studies in animal models and in humans have provided evidence that this protection against microorganisms is generally correlated with levels of IgA antibodies in secretions. 26 Chronic pancreatitis is characterised by perilobular and interlobular fibrosis, altered composition of pancreatic secretions, and protein plugs in the ductules. Occasionally, duct epithelium may be hyperplastic. Pancreatic ducts are distorted, distended irregularly, and obstructed followed by disturbed secretion drain. [30] [31] [32] Infection in this obstructed duct system may be dangerous for the host so that an eVective protection is necessary. Further studies should show relations between immunological mechanisms and pathogenesis of chronic pancreatitis.
